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THE PATENT OFFICE, 
sgth October, ig64 
the design of the unit, it was customary to 
estimate a gasoline yield and coke pro- 

25 ducing rate and then calculate to obtain a 
heat balance with a particular combined 
feed ratio (which may be defined as the 
ratio of the combined volume of fresh feed 
and recycle oil relative to the volume of 

30 fresh feed) and /or the combined feed tem- 
perature which would appear to provide a 
"steady-state* ' operation. 

However, the error in such a design was 
the assumption that "coke-make'* or coke- 

36 yield, that is, the weight per cent of coke 
produced based upon fresh hydrocarbon 
feed, was a function of conversion rather 
than catalyst circulation rate and catalyst 
residence time in the reaction zone. Those 

40 units which are designed to operate at low 
conversion levels and hence low coke rates 
were frequently short of heat so that feed 
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catalyst cooler or water spray system t 
associated with the regenerator. In each 
case, it has been found that the units, as 
instrumentized and controlled, will therm- 
ally stabilize themselves, even though pro- 
duct yields which follow may be far from 7 
optimum. There is the ever present de- 
mand and necessity to obtain from crack- 
ing units a maximum throughput and 
optimum product yields, and with im- 
proved control means being incorporated 7 
as a part of the present improved method 
of operation to prevent damage to the unit 
due to afterburning (that is undesirable 
high temperature burning of carbon mon- 
oxide to carbon dioxide within the light 8 
phase zone or flue gas outlet of the re- 
generator), it has been found advantageous 
to vary operating control means to estab- 
lish and maintain higher temperature levels 
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CONfPLETE SPECEFICATION. 
Continnoas Process for Cracking Hydrocarbon OiL 



We, Universal Oil Products Company, 
a Corporation organised under the laws of 
the State of Delaware, United States of 
America, of No. 30 Algonquin Road, Des 
Plaines, Illinois, United States of America, 
do hereby declare the invention, for which 
we pray that a patent may be granted to 
us, and the metJiod by which it is to be 
performed, to be particularly described in 
and by the following statement: — 

The present invention is directed to an 
improved method for operating a fluid 
cataljrtic cracking unit for the production 
of gasoline from heavier hydrocarbon oils 
and more specifically to a method for effect- 
ing improved product yields from a hydro- 
carbon charge stream. 

It has been conventional for design and 
operating engineers to design and to oper- 
ate fluid catal3rtic cracking imits as "heat 
balanced" units. In other words, with 
prior data and experience as a basis for 
the design of the unit, it was customary to 
estimate a gasoline yield and coke pro- 
ducing rate and then calculate to obtain a 
heat balance wiHi a particular combined 
feed ratio (which may be defined as the 
ratio of the combined volume of fresh feed 
and recycle oil relative to the volume of 
fresh feed) and /or the combined feed tem- 
perature which would appear to provide a 
"steady-state" operation. 

However, the error in such a design was 
the assmnption that "coke-make" or coke- 
yield, that is, the weight per cent of coke 
produced based upon fresh hydrocarbon 
feed, was a function of conversion rather 
than catalyst circulation rate and catalyst 
residence time in the reaction zone. Those 
units which are designed to operate at low 
conversion levels and hence low coke rates 
were frequ^ti[s_short of heat so that feed 
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heaters were provided to furnish the 
thermal requirements. High conversion 
units, on the other hand, had the problem 
of too much coke-make for heat balance 
requirements, so that recycle was provided 
as a cooling stream to transfer the excess 
heat into the main column where such heat 
could be used to regenerate steam. In 
other cases, catalyst coolers were provided 
to preclude what was thought to be exces- 
sive regenerator temperatures. It was 
customary to operate regenerators below 
620" C. on the presumption that a high 
temperature would reduce catalyst activity 
and result in short catalyst life. 

It may also be pointed out in connection 
with the operation of conventional fluidized 
cracking units, that various upsets in a so- 
called "steady-state" operation can occur, 
as for example, there may be a loss of the 
recycle stream, an upset in feed preheat 
to the reactor, or an upset involving a 
catalyst cooler or water spray system 
associated with the regenerator. In each 
case, it has been found that the units, as 
instrumentized and controlled, will therm- 
ally stabilize themselves, even though pro- 
duct yields which follow may be far tcom 
optimum. There is the ever present de- 
maud and necessity to obtain from crack- 
ing units a maximum throughput and 
optimum product yields, and with im- 
proved control means being incorporated 
as a part of the present improved method 
of operation to prevent dam^e to the unit 
due to afterburning (that is undesirable 
high temperature burning of carbon mon- 
oxide to carbon dioxide within tiie light 
phase zone or flue gas outlet of the re- 
generator), it has been found advantageous 
to vary operating control means to estab- 
lish and maintain higher temperature levels 
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in the unit, regenerator temperature levels 
being in the 620° C. to 677" C. range, 
with the metallurgy of the regenerator sys- 
tem, including internals, governing the 
5 upper temperature limit 

It is therefore a principal object of the 
present invention to accomplish an im- 
proved continuous fluid catalytic cracking 
operation through effecting an mcreased 

10 temperature differential between the re- 
actor and regenerator and a high tempera- 
ture level in the regeneration zone. 

A further object of the invention is to 
provide that one or more independent 

15 operating variables are utilized in an inte- 
grated manner in the fluidized unit to in- 
sure a coke deposition on the catalyst which 
will result in an increased temperature 
spread between the contact zones and a 

20 resulting regenerating zone temperature 
level at above about 620 C. 

As is well known in the petroleum in- 
dustry and as will be more fuUy pointed 
out hereinafter in coimection with the 

25 accompanying diagrammatic dra^ving, a 
conventional fluid catalytic cracking unit 
makes use of a reactor, stripper, spent cata- 
lyst slide valve, regenerator, standpipe, re- 
generated catalyst slide valve, and a riser 

30 line leading bade into the reactor, with the 
catalyst flowing through the various sec- 
tions of the unit, in the order named. A 
large fractionator or "main colunm" is 
utilized to receive the overhead cracked 

35 vaporous product stream from the reactor. 
Such fractionator provides gasoline and 
other desired side-cut product streams 
therefrom, as well as recycle oil streams 
which are charged back to the reaction 

40 zone. The mixture of fresh hydrocarbon 
feed stream and recycle, referred to as 
"combined feed", is vaporized upon con- 
tacting heated regenerated catalyst par- 
ticles at the base of the riser line and 

45 effects the lifting of catalyst in the reactor. 
The reactor products along with a minute 
quantity of entrained catalyst are intro- 
duced into the main colxmin where, of 
course, the products are fractionated into 

50 the various overhead and side-cut streams 
in accord with their volatility. 

Reactor temperature controls the re- 
generator slide valve to provide, in turn, 
variations in catalyst flow from the re- 

56 generator to the reactor. The spent cata- 
lyst valve, regulating catalyst flow from 
the reactor to the regenerator, is operated 
by catalyst level control means in the 
reactor. 

60 There are various independent control 
variables that will effect the conversion of 
a hydrocarbon gas oil stream and /or com- 
bined feed which is introduced into the 
reaction zone. As used herein, the term 

65 "conversion" is defined as the volume per 



cent of the feed which is converted to ma- 
terials lighter than the light cycle oil as 
separated from the main column, but 
corrected to take into account the amount 
of gasoline in the charge stream. The 70 
actual weight ratio of catalyst to fresh 
feed flow rates is called the catalyst to oil 
ratio (C/0 ratio) and is an important vari- 
able in controlling the severity of the crack- 
ing reaction. With a given hydrocarbon 75 
feed rate, an increased catalyst to oil ratio 
produces an increased flow rate of catalyst 
through the reaction zone. Although less 
coke will be formed on each unit of cata- 
lyst in view of a shorter contact time in the 80 
reaction zone, the total coke rate increases. 
On the other hand, an increased or de- 
creased contact time between the oil and 
catalyst can be accomplished by a change 
in the space velocity ("weight hourly space 85 
velocity" being defined as the weight of 
fresh feed charged per hour divided by the 
weight of catalyst within the reaction zone). 
Thus, a decrease in weight hourly space 
velocity means that lesser quantity of oO 90 
is contacting a given quantity of catalyst 
per hour, or for a given time, such that 
there is an increase in conversion by reason 
of a longer time of contact with the cata- 
lyst. Conversely, an increased space velo- 95 
city provides for the passage of a greater 
quantity of oil throu^ the reaction zone 
per unit of time such that, with other 
variables remaining constant, there may be 
less conversion and less carbon or coke 100 
deposition on the catalyst particles (lower 
coke /catalyst ratio). 

Still another independent variable which 
will affect the reaction zone and the con- 
version of the feed stream is the amount of 105 
preheat provided for the fresh feed stream 
to the reaction zone. The feed preheat 
may be varied directiy by the amount of 
heat transferred to the feed stream by an 
oil heater or heat exchanger, or altema- 110 
tively, by the quantity and temperature of 
the recycle stream which is combined with 
the fresh feed stream to provide the com- 
bined feed ratio. 

Important independent operating van- 115 
ables may thus be considered the combined 
feed ratio, the combined feed temperature, 
and space velocity, although, of course, 
other variables such as the reactor pressure 
and the catalyst activity or quality wiU 120 
have an effect upon conversion. The cata- 
lyst circulation rate in the system may be 
readily varied; however, it is regulated res- 
ponsive to a temperature controller in turn 
connecting with the reaction zone. Con- 125 
sequentiy, the circulation rate and the 
catalyst oil ratio are dependent variables 
in the operation of the commercial fluid- 
ized units. 

The present invention thus is concerned 130 
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with a continuous process for cracking a 
hydrocarbon charge stream comprising 
fresh oil feed and recycle oil in the pres- 
ence of subdivided catalyst particles where- 
5 in the hydrocarbon charge stream effects a 
fluidized contacting of the particles in a 
confined reaction zone, conversion pro- 
ducts are separated from the contacted 
particles, separated catalyst particles con- 

10 taining a coke deposit are regenerated by 
contact in fluidized state with an oxygen- 
containing gas stream in a separate con- 
fined regeneration zone, gaseous combus- 
tion products are separated from regener- 

15 ated catalyst particles and regenerated 
catalyst particles with a reduced coke con- 
tent are returned to the reaction zone for 
contact with hydrocarbon charge stream, 
and in such process the present invention 

50 provids for effecting improved optimum 
product yields from the hydrocarbon charge 
stream with a high temperature level in 
the regeneration zone by the method which 
comprises, varying the temperature of the 

:25 reaction zone and the contact time of the 
hydrocarbon stream with the catalyst there- 
in responsive to the refractory charac- 
teristics of said hydrocarbon charge stream 
and effecting a coke deposition on the cata- 

30 lyst particles providing a temperature 
above about 620** C. in the regeneration 
zone when oxidizing the coke on the cata- 
lyst particles in the presence of a con- 
trolled oxygen-containing stream intro- 

35 duced to such regeneration zone, the in- 
troduction of such oxygen-containing 
stream being regulated to maintain a pre- 
determined temperature differential be- 
tween the gas outlet section and the cata- 

40 lyst-contacting section of the regeneration 
zone to minimize excess oxygen in the re- 
generation zone and to preclude excessive 
and uncontrolled after-burning in the upper 
portion of the regenerating zone. 

45 In a more specific embodiment, the im- 
proved method of effecting superior pro- 
duct distribution from a hydrocarbon 
charge stream comprises, increasing the 
preheat temperature of the fresh feed 

50 stream to in turn provide an increased 
fresh feed temperature while reducmg 
catalyst circulation rate, and to effect an 
increased temperature spread between the 
reaction and regeneration zones, such that 
55 the temperature level in the regeneration 
zone is above about 620'* C. and up to the 
metallurgical limits thereof as the regenera- 
tion zone oxidizes the coke on the catalyst 
particles in the presence of a controlled 

'60 oxygen containing stream introduced into 
the regeneration zone. 

In still another specific embodiment, the 
method of effecting improved hydrocarbon 
product yields when operating in accord- 
65 ance with the present invention at a high 



temperature level in the regenerator com- 
prises, for a given fresh feed charge rate 
and temperature level, varying the com- 
bined feed ratio of fresh feed to recycle 
oils to adjust the heavy oil content there- 70 
of and simultaneously adjusting the reactor 
temperature and a temperature differential 
between the reactor and regenerator and a 
coke deposition on the catalyst particles 
providing a resulting temperature above 75 
about 620° C. upon oxidizing the coke on 
such particles in the presence of a con- 
trolled oxygen containing stream being 
introduced into the regeneration zone. 

It should be pointed out, however, when 80 
one considers operating variables to in- 
crease the temperature spread between the 
contact zones, and the regeneration tem- 
perature, or cracking severity, that it is 
not sufl&cient to just make a change which 85 
alters conversion, since the important 
aspect of the present improved metibiod of 
operating a fiuidizing system includes 
effecting the desired product distribution 
at the same conversion. For example, a 90 
high severity operation with a smaU 
amount of recycle being used, will actu- 
ally provide a lesser quantity of gasoline, 
due to the cracking of the gasoline into 
light gases in the reaction zone. For ex- 96 
ample, one can hold conversion constant, 
decrease coke-make and improve product 
yields, or one may increase conversion and 
hold the coke-make constant and effect 
improved product yields. The term "im- 100 
proved product yields" as used herein, 
means greater economic yield from the 
charge stream by reason of increasing the 
yield of gasoline and lighter materials 
which have more marketability. 105 

In order to more easily refer to the 
operation of a fluid catalytic cracking unit 
and the operating variables in connection 
therewith, reference is made to the accom- 
panying diagrammatic drawing and the fol- 110 
lowing description thereof. 

Fresh hydrocarbon feed passes through 
line 1 and control valve 2 to a pump 3 
that in turn discharges into line 4 con- 
necting witii a feed preheater 5, The latter 115 
provides a predetermined or controlled 
variable preheating to the feed stream and 
passes it to the lower end of riser line 6 
where heated catalyst particles combine 
therewith from standpipe 7, having con- 120 
trol valve 8, such that a resulting vapor- 
catalyst mixture rises in an ascending 
fiuidizing column to the lower end of the 
reactor 9. In the reactor 9, further fluid- 
ized contacting between the vaporous feed 125 
stream and the catalyst particles will take 
place in a relatively dense fluidized bed 
10 within the lower portion of the cham- 
ber, although a major portion of the neces- 
sary cracking and contact with catalyst 130 
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particles takes place in the riser line 6 such 
that a shallow bed or low dense phase level 
of catalyst is utilized in chamber 9. Cata- 
lyst in an oil slurry may be combined with 
5 the fresh feed stream in the riser line 6 
from line 11 having control valve 12, while 
in addition, recycle oil may be combined 
therewith by way of line 13 having con- 
trol valve 14. As hereinbefore noted, the 

10 combined feed ratio will vary in accord- 
ance with the amount of recycle oils com- 
binde with the fresh feed stream to be 
introduced into the reaction zone. 
At tiie upper end of the reactor 9, the 

15 catalyst particles are separated from the 
vaporous cracked reaction products by 
centrifugal separating means 15 and then 
transferred overhead by line 16 to the 
lower end of the fractionator or main 

20 column 17. Separated catalyst particles 
from the light phase zone in the top of 
the reactor 9 are returned to the dense 
phase bed 10 by a suitable dip-leg 18 and 
resulting catal3rst particles with a coke de- 

26 position and occluded hydrocarbons settle 
from the lower portion of reactor 9 into a 
stripping section 19 such that they may 
pass countercurrently to a stripping gas 
stream introduced through line 20 having 

30 valve 21. Steam, nitrogen, or other sub- 
stantially inert gaseous stripping medium 
may be utilized in the stripping section to 
effect the removal of absorbed and occluded 
hydrocarbon vaporous components, Result- 

35 ing stripped and coked catalyst particles 
move from the lower portion of stripping 
section 19 into the standpipe 22, having 
control valve 23, such that they may be 
transferred at a controlled rate to the re- 

40 generator 24. 

In the regenerating chamber 24 the car- 
bonized catalyst particles are subjected to 
oxidation and carbon removal in the pres- 
ence of air being introduced by way of 

45 distribution grid 25, The oxidizing air 
stream enters the regenerator by way of 
line 26, valve 27 and blower 28, which in 
turn connects by way of line 29 to air 
heater 30. In the present embodiment, the 

50 blower is indicated as connecting directly 
with the lower end of the regenerator 24 
and the pipe grid distributor 25. The air 
heater 30 is utilized only to heat the air 
during the initial startup procedure. A 

55 bypass line 31, having control valve 32, 
connects with the air line 29 in order to 
vent a portion of the air stream being intro- 
duced to the system from blower 28 and 
thus regulate tie quantity of air actually 

60 being introduced into the lower end of the 
regenerator 24, as will be more fully des- 
cribed hereinafter. 

In the lower portion of the regenerator 
24, a fluidized dense phase bed 33 provides 

65 for hindered settling contact between the 



coked catalyst particles and the oxidizing 
air stream while, in the upper portion of 
the chamber, a liglit phaze zone permits 
the separation of catalyst particles from 
the flue gas stream being discharged by 70 
way of line 34 and valve 35. Suitable 
centrifugal separating means 36 provides 
for removing entrained catalyst particles 
from the combustion product stream and 
returns them by way of dip-leg 37 to the 75 
lower dense phase bed 33. A suitable 
silencing means 38, connecting with line 
35, serves to reduce the noise level of the 
combustion gas stream passing to the out- 
let stack 39. 80 

At the main column 17, the cracked pro- 
duct vapor stream is fractionated to pro- 
vide a desired overhead gasoline vapor 
stream passing by way of line 40 and valve 
41 to suitable gas concentration equipment, 85 
not shown in tlie present drawing. In addi- 
tion various side-cut and recycle streams 
may be taken from the side of the frac- 
tionator 17 in accordance with desired 
molecular weight products. A light re- 90 
cycle oil stream is indicated as being taken 
from colunm 17 by way of line 42 and 
side-cut accumulator 43. An overhead 
vapor return line 44 returns uncondensed 
vapors from accumulator 43 to the main 95 
colunm 17 while a condensed light oil frac- 
tion is taken from the lower end of the 
accumulator 43 by way of line 45, pump 
46 and line 57 having valve 48. Similarly, 
a heavier recycle oil stream may be taken 100 
from the main coliunn by way of line 49 
and side-cut accumulator 50. An uncon- 
densed vapor stream may be returned to 
the main column by way of line 51 while 
a condensed heavy oil fraction passes from 105 
the lower end of accumulator 50 by line 
52, pump 53, and line 54 having valve 55. 
Suitable lines, not indicated in tiie present 
drawing, may be utilized to transfer the 
light and heavy recycle oil streams from 110 
Imes 47 and 54 to the recycle inlet line 13 
which in turn connects with catalyst riser 
line 6, such that recycle oO may be com- 
bined with fresh hydrocarbon feed stream 
from line 1 to provide a desired combined 115 
feed ratio to the reactor 9. 

A bottom slurry oil, containing catalyst 
particles which were entrained with the 
vapor product stream in luie 16, may be 
transferred by way of the lower outlet line 120 
56, pump 57, and line 58 to a suitable 
catal]^ settling chamber 59. The settier 
59 serves to provide a substantially par- 
ticle free clarified oQ stream overhead by 
way of line 60 and valve 61, while at the 125 
same time effecting the return of the cata- 
lyst containing slurry stream through con- 
trol valve 12 to transfer line 11 such that 
ca1al3rst particles may be returned to the 
fluidized bed by way of riser line 6, A 130 
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line 62, with control valve 63, is utilized 
to pass a portion of the bottoms stream 
from the main column 17 throu^ a heat 
exchanger 64 such that heated oil may be 

5 returned by way of line 65 to the lower 
end of the main column 17 and provide 
a heat supply to such column. 

In order to maintain control of the fluid- 
ized unit, control instrumentation means 

10 are associated with the reaction and re- 
generation zones to maintain appropriate 
dense phase bed levels in such zones and 
a catalyst circulation rate between such 
zones. At the reactor 9, a level controller 

15 LC, with level indicating taps 66 and 67, 
is connected with the side wall of the re- 
actor. A control line 68 from controller 
LC connects with the slide valve 23 in the 
contacted catalyst standpipe 22 and pro- 

20 vides means for maintaining a desired 
dense phase bed 10 level and quantity of 
catalyst in the lower portion of the reactor 
9. Generally, the slide valve control means, 
such as used in connection with slide valve 

25 23, are pneumatic in operation such that 
the level control means LC may be of any 
conventional type suitable to regulate the 
pneumatic motor control means of the 
valve, although electrical control and 

30 motor means may be used. 

Within tlie upper portion of reactor 9, 
a temperature indicating means 69 con- 
nects through control line 70 to a tempera- 
ture controller TC and control line 71 

35 which in turn connects with an air piston 
or other motor means providing for the 
regulation of the slide valve 8 in the re- 
generated catalyst standpipe 7. Thus, a 
variable quantity of hot regenerated cata- 

40 lyst may be withdrawn from standpipe 7 
to pass into riser line 6 and enter the re- 
actor chamber 9 in accordance with varia- 
tions in temperature in the latter zone, as 
provided for by the temperature sensitive 

46 means 69 and controller TC. A pressure 
sensitive means 72 is also positioned in the 
upper portion of the reactor 9 while a sepa- 
rate pressure indicating means 73 is posi- 
tioned in the upper portion of the regenera- 

^0 tor 24. Such indicating means are con- 
nective, liirough the respective lines 74 
and 75, to a d&erential pressure regulator 
DPR in order to provide means for main- 
taining a desired differential pressure be- 

55 tween the two separate contacting zones. 
The differential pressure regulator DPR 
connects through control line 76 with the 
control valve 35 so as to regulate the flue 
gas flow through line 34 and in turn vary 

60 the internal pressure within the upper por- 
tion of the regenerator 24, whereby a pre- 
determined pressure difference may be 
maintained between the reactor and the 
regenerator. Generally, the pressure dif- 
65 ferential between the two zones, of the 



order of about 0.42 kg/cm^, is necessary 
to permit the maintenance of suitable 
pressure differentials across the slide valves 
in the two standpipe lines and a continu- 
ous circulation of catalyst particles be- 70 
tween two separate zones. Pressures in 
the fluidized unit are, of course, relatively 
low, being generally less than about 2.1 
kg/cm^ above atmospheric pressure be- 
cause of the large size of the vessels in- 75 
volved. Pressure variation in the reactor 
may be an operating control variable, but 
because of structural and mechanical as- 
pects, it is preferable to utilize low super- 
atmospheric pressures up to about 1.76 80 
kg /cm* which are merely suflacient to in- 
sure adequate differentials and proper flow 
between various portions of the unit 

An improved control means integrated 
in connection with high temperature opera- 85 
dons and indicated in the present dia- 
grammatic embodiment, is the use of a 
differential temperature control means be- 
tween the dense phase and light phase 
zones of regenerator 24 so as to regulate 90 
the quantity of air being introduced into 
the regeneration zone. Temperature indi- 
cating means 77 and 78, witibin the upper 
and lower portions of the regenerator 24, 
connect through the respective transmis- 95 
sion lines 79 and 80 to a differential tem- 
perature controller DTC, which in turn 
connects through control line 81 with the 
valve 32 in the air vent line 31. Thus, 
where the temperature differential between 100 
the upper and lower portion of the regener- 
ator exceeds a predetermined difference, 
as set within the temperature controller 
DTC, then valve 32 is adjxisted to bypass 
a greater portion of the air passing through 105 
line 29 and effect the reduction of air being 
introduced by way of distributing grid 25 
into the lower portion of the regenerator. 
Persons familiar with the operation of 
fluidized cracking units realize that uncon- 110 
trolled after-burning can be a major pro- 
blem masmuch as the high temperature 
resulting from the oxidation of carbon 
monoxide to carbon dioxide in a dilute 
phase and the cyclone separators at the 115 
outlet of the regenerator may cause severe 
mechanical damage. In the prior opera- 
tion of most present day imits, it has been 
customary to provide for spray water and/ 
or heat exchangers as cooling means, or to 120 
utilize flue gas analysis and accompanying 
control apparatus to severely reduce the 
oxygen introduction into the regeneration 
zone and as means for controlling the re- 
generator temperature to below about 607' 125 
C. However, the use of spray water has 
proved to be undesirable because of (1) 
damage to the catalyst by sintering or 
breakage by thermal shock of the par- 
ticles, and (2) its nullifying effect on feed 130 
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preheat Prior attempts to reduce the flow 
of the air stream and the introduction of 
oxygen into the regeneration zone has re- 
quired sensitive means for detecting small 
5 oxygen concentrations and adjustment of 
the air introduction rate, all of which has 
l)een difficult from the practicable aspects. 
In the present invention where it is desired 
to have cracking operations which main- 

10 tain a high temperature level in the re- 
generator, in otiier words, above about 
620° C, it is similarly desirable to have 
means for precluding the problems of after- 
burning. It has been found that a tem- 

15 perature differential between the dense and 
dilute phases or between the dense phase 
and the flue gas outlet line is a very sensi- 
tive indicating means to show variations 
in the oxygen content of the gas leaving 

^0 the dense phase itself. With this pro- 
cedure, after-burning may be controlled 
such that the regenerator temperatures can 
be maintained at a steady-state level. In 
practice, it has been found that from 1% 

25 to 2% of the air blower output may be 
vented and that a temperature rise, over 
and above the predetermined differential 
set in the DTC may be utilized to control 
valve 32 and the vent rate through line 31. 

30 At the present time, it is generally neces- 
sary to determine by trial and error on 
any particular miit fiiat temperature dif- 
ferential or rise which, when maintained 
constant, will regenerate the catalyst to 

35 lower the coke level on the catalyst to a 
desired lower level, generally 0.3 — 0.4 
weight per cent^ and maintain the free oxy- 
gen concentration in the flue gas below 

. 0.2%. 

40 In order to evaluate the present im- 
proved operation, utilizing high tempera- 
ture levels in the system, one may consider 
two different charge stocks: an "A" stock 
which is of paraffinic base having a high 

46 "K" value, also called characterization fac- 
tor, and is low in metals and Conradson 
carbon; as well as "B" stock which has 
a low "K" value and is high in contami- 
nants. In a fluid catalytic cracking unit 

50 being operated and controlled in a manner 
as hereinbefore set forth in reference to 
the accompanying drawing, with a com- 
bined feed ratio of 1.5, a weight hourly 
space velocity equal to 2.0, and fresh feed 

55 temperature at 205"* C. to the reactor riser 
line, the reactor temperature being ad- 
justed to provide a 65 voliune per cent 
conversion to gasoline, then the resulting 
steady-state operation provides a reactor 

60 temperature of 477** C, regenerator tem- 
perature of 593° C. and 7.7 weight per cent 
of coke. With the stock "B" being charged 
to the unit under the same conditions and 
with reactor temperature adjusted to pro- 

66 vide a 65 volume per cent conversion to 



gasoline, there is found a reactor tempera- 
ture of 49r C, a regenerator temperature 
of 649° C. and coke amounting to 8.3 
weight per cent The 0.6 weight per cent 
difference in coke-make is due to sensible 70 
heat in the reactor and /or regenerator 
vapors. 

From the foregoing figures it may be 
noted that the "poorer" charge stock "B" 
can be cracked in the conversion unit at 75 
a high temperature conversion level to give 
a relatively high 65 per cent conversion 
and there will be no problems in maintain- 
ing a steady-state operation as long as the 
649" C. temperature in the regenerator is 80 
below the limits of any metallurgical pro- 
blems encountered in the regenerator sec- 
tion of the system. On the other hand, 
it becomes apparent that the charge stock 
"A" could be treated in the system to 85 
provide substantially greater yields of gaso- 
line or light materials by effecting changes 
in the operating variables so as to provide 
an increased regenerator temperature of 
the order of 649° C. In other words, there 90 
may be an increase in the preheating of 
the feed stream, say to the order of 371** 
C. rather than the 204" C. feed tempera- 
ture, an increase in regenerator tempera- 
ture say of the order of 42^ C, and provide 95 
a reduction in coke-make from about 7.7 
to less than 5.5 weight per cent; conver- 
sion is maintained constant by increasing 
reactor temperature. The lesser amount 
of coke-make indicates an increased 100 
amount of gasoline and lighter products. 
The increased feed preheat and the in- 
creased regenerator temperature level per- 
mits the regenerated cataly^ slide valve to 
be closed down and to lower the catalyst 105 
circulation rate in the system so that actu- 
ally catalyst enters the reaction zone at a 
reduced rate and a higher temperatmre with 
the resulting effect that there will be a 
longer contact time of the catalyst par- 110 
tides but a reduction in total carbon de- 
position due to reduced catalyst circulation 
rate. The "trade" between coke-make and 
more valuable product yields effects a very 
desirable improvement in the economics of 115 
the unit It is also important to note that 
a fluid catalytic cracking unit can be 
varied in its operation in accordance with 
the refractory characteristics of the feed 
and, in fact, evaluate a particular charge 120 
stock in terms of reactor and regenerator 
temperature levels such that with the 
better charge stocks it is possible to con- 
sistently improve yields by operating to 
maintain a high temperature level in the 125 
regenerator as long as the high tempera- 
ture level precludes metallurgical damage 
to the imit 

In another instance, a series of perform- 
ance tests were conducted in a fluid cata- 130 
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lytic cracking unit in a manner which illus- 
trates the advantage of a high temperature 
level in the system and an increased tem- 
perature differential between the reactor 
5 and regenerator zones. In the particular 
performance tests, three different levels of 
feed preheat were used, with conversion 
being maintained constant by adjustments 
in the reactor temperature. Specifically, 

10 the raw oil introduction rate was main- 
tained at 44,510 hectoliters per day, the 
combined feed ratio was held constant for 
each performance test at 2.30, and cata- 
lyst content in the reactor or weight hourly 

15 space velocity was held substantially con- 
stant. In addition, in order to maintain 
uniformity during the tests as consistent 
as possible, there was a constant crude mix 
maintained in the charge to the feed pre- 

20 paration imit so that the raw oil feed rate 
was consistent and levels in the receivers 
and reboilers were held constant In a 
Test No. 1, the fresh feed was held to a 
temperature of 212" C. to provide a com- 

-25 bined feed temperature of 260* C. The 
resulting reactor temperature for 69.7 
volume per cent conversion was 466° C. 
and the regenerator temperature 620"* C. 
The catalyst circulation rate leveled off at 

30 2.031 X 10* kg per hour and coke make was 
9.4 weight per cent Debutanized gasoline 
was measured at 49.6 volume per cent 
while other product yields were determined 
to be in accordance with the quantities set 

35 forth in the following Table I, under the 
colunm head Test No. 1. 

In a Test No. 2, the fresh feed was pre- 
heated to a temperature of 298" C. such 
that the combined feed temperature was 

40 297° C. and the resulting reactor tem- 
perature and regenerator temperature were 
respectively 472° C. and 631* C. The 
catalyst circxilation rate in this instance 
was 1.724x10® while the coke-make rate 

45 was 8.6 weight per cent The debutanized 
gasoline production was 50.1 voliime per 
cent while other yields were in accordance 
with the quantities shown in Table I, under 
the column headed Test No. 2. 

50 In a Test No. 3, the fresh feed was pre- 
heated to a temperature of 370° C. to pro- 
vide a combined feed temperature of 327" 
C. and resulting reactor and regenerator 
temperatures, respectively, of 476° C. and 

55 641° C. The catalyst circulation rate was 
1.497x10* kg per hour and the coke-make 
was 7.9 wei^t per cent The debutaized 
gasoline was 51.2 volume per cent while 
other product yields were in accordance 

60 with the quantities set forth in the column 
under Test No. 3 of Table L 

Referring specifically to the Test No. 3 
and the data in Table I, there is noted 
a delta T (A T) of 165" C, which is the 

65 difference between the reactor temperature 



and regenerator temperature, that is higher 
than occurs in either of the other test 
operations. It may also be noted that 
there is a significantly greater gasoline 
yield in Test No. 3, together with less 70 
hydrogen production in the C3 and lighter 
gases, showing that there is lesser hydro- 
gen and coke-make which results in the 
increase of gasoline yield from the system. 
Actually, in the highest temperature level 75 
operation for the regenerator, as shown in 
Test No. 3, there is an increased coke de- 
position on the individual catalyst par- 
ticles as such, due to a longer contact time 
in the reactor, and the resulting hi^er 80 
temperature level in the regenerator due 
to the oxidation of the coke from the cata- 
lyst particles. However, by reason of a 
substantially reduced catalyst circulation 
rate, the overall rate of producing coke is 85 
reduced in the system and the coke-make, 
as indicated as weight per cent of the feed, 
is a lower value in Test No. 3, than in the 
other two tests. 

By way of summary, it may be noted 90 
from Table I that the coke reduction in 
turn appears as gasoline product even 
though the reaction temperature has been 
raised. 

The weight fraction of C4 and lighter 95 
components remain substantially constant, 
but the C3 and fractions decreased with 
a corresponding increase in the and 
lighter fractions. 

The olefin content of C3 and frac- 100 
tions increase, with the largest change 
being in the fraction. 

The isobutane content of the C4 paraf- 
fins remains substantially imchanged as 
well as the properties of the liquid product. 105 

The foregoing tests indicated changes in 
the regenerator temperature levels and 
product yields by varying the feed preheat, 
however, other independent control vari- 
ables may be modified to raise regenerator 110 
temperature to just below the design maxi- 
mum. For example, there may be a de- 
crease in the yield of the main colnmn 
bottoms stream (indicated in the drawing 
as the clarified oil stream passing by way 115 
of line 60), by recycling to the reactor a 
higher quantity of oil in the slurry bot- 
toms stream (such as the stream passing 
by way of line 11 to riser 6 ui the drawing). 

In other words, any combination of con- 120 
trol variables may be employed up to the 
regenerator temperature limit set by the 
metallurgical aspects of the regenerator 
. portion of the unit, such that temperature 
may range up to the order of 677° C. High 126 
temperature, with good operating practices, 
provides no problem with catalyst sinter* 
ing or deactivation and, in fact, regenera- 
tor operation appears to improve with re- 
spect to more uniform coke removal. Un- 130 
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15 



controlled after-burning may be precluded 
at the high regeneration temperature levels 
by the hereinbefore described system of 
utilizing a temperature differential control 
means across the upper and lower portions 
of the regenerator chamber to eaect the 
control of the quantity of air being intro- 
duced into the dense phase zone of the 
regenerator. Temperature differential be- 
comes a sensitive measure of the quantity 
of oxygen present and by having insuf- 
ficient oxygen present to permit the oxida- 
tion of carbon monoxide to carbon dioxide 
in the light phase zone of the imit, there 
is proper control to prevent a temperature 
runaway. Generally, a temperature dif- 
ferential of 14** C. as a maximum will per- 
mit a differential temperature controller to 
regulate the proportion of air to the re- 
generator by adjustment of the valve in 
the air vent line from the air blower, to 
in turn provide for a steady-state regenera- 



45 



50 



55 



60 



65 



70 



75 



tor operation which will preclude after- 
burning and at the same time effect a suit- 
able reduction in the coke level to less 25 
than 0.5 per cent coke by weight and pre- 
ferably to 0,3 to 0.4 per cent residual on 
the catalyst particles. Of equal import- 
ance, however, the oxygen content of flue 
gas remains at 0.0 — 0.2 per cent which re- 30 
duces the oxidation rate of the cyclone 
separators. 

The coke production rate and the cata- 
lyst circulation rate vary inversely with 
the regenerator temperature, as, for ex- 35 
ample, a "cool" regenerator operating tem- 
perature at say 593" C. results in a high 
coke rate for a given combined feed ratio 
and combined feed temperature. Stated 
another way, the coke rate opposes the 40 
direction in which the regenerator tem- 
perature moves, so that operations at high 
temperature levels in the regenerator are 
in the direction of improved product yields. 



Table L 

Test No. 



Test No. 2 Test No. 3 



Operating Conditions 

Fresh Feed Temp., 

Combined Feed Temp., "C. ... 

Combined Feed Ratio 

Reactor Temperature, "^C. 

Regenerator Temp., ''C. 

A T ''C. (Temp. Differential between Re- 
actor and Regenerator) 

A TD **C. (Temp. Differential between 
Dense and Dilute Phases of Regenera- 
tor) 

Oxygen Content of Flue Gas mole % ... 
Reactor Pressure*, kg/cm" 
Apparent Conversion, Vol.-% 
Corrected Conversion **, VoI.-% 
Catalyst Circulation Rate, kg/hour XlO"* 

Product Yields 
C3 and Lighter, Weight-% ... 
Total C^ Fraction, Weiglit-% 
Debutanized Gasoline**, Vol.-% 

Light Cyde Oil, VoL-% 

Clarified Slurry, VoL-% 

Coke, Weight-% 

C3 and Lifter, Mole-% 
... ... 

Cx' 

Cj --- •.• **" 

c,= 

C3 



Total C4, Liquid VoL'% 

CA 

i-C^Hio 

80 n-C4H,o 



♦Above atmospheric pressure. 
♦♦Gasoline with 90% boiling at 196** 
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370 


260 


297 


327 
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2.30 


2.30 


466 


472 


476 


620 
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641 


154 


159 


165 
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10 


0.1 


0.1 


O.l 


1.055 


1.055 


1.055 


69.7 


69.7 


69.7 


69.2 


68.9 


69.6 


2.031 


1.724 


1.497 


7.6 


7.8 


9.1 


8.8 


8.6 


7.7 


49.6 


50.1 


51.2 


26.1 


27.6 


26.7 


4.2 


3.5 


3.7 


9.4 


8.6 


7.9 


17 


16 


14 


26 


27 


29 


19 


22 


24 


25 


24 


23 


13 


11 


10 


100 


100 


100 


46 


50 


53 


43 


40 


37 


11 


10 


10 


100 


100 


100 
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VraAT WE CLAIM IS: — 
L A continuous process for cracking a 
hydrocarbon charge stream comprising 
fresh oil feed and recycle oil in the pre- 
5 sence of subdivided catalyst particles, 
wherein the hydrocarbon stream effects a 
fluidized contacting of the particles in a 
confined reaction zone, conversion pro- 
ducts are separated from the contacted 

10 particles, separated catalyst particles con- 
taining a coke deposit are regenerated by 
contact in fluidized state with an oxygen- 
containing gas stream in a separate con- 
fined regeneration zone, gaseous combus- 

15 tion products are separated from regener- 
ated catalyst particles, and regenerated 
catalyst particles with a reduced coke con- 
tent are returned to the reaction zone for 
contact with hydrocarbon charge stream, 

20 characterized by the method of effecting 
improved product yields from the hydro- 
carbon charge stream with a high tempera- 
ture level in the regeneration zone, which 
comprises, varying the temperature of the 

26 reaction zone and the contact time of the 
hydrocarbon stream with the catalyst 
therein responsive to the refractory charac- 
teristics of said hydrocarbon charge stream 
and effecting a coke deposition on the cata- 

30 lyst particles which provides a tempera- 
ture above about 620*" C. m the regenera- 
tion zone when oxidizing the coke on the 
catalyst particles in the presence of a con- 
trolled oxygen-containing stream intro- 

36 duced to said regeneration zone, the intro- 
duction of said oxygen-containing stream 
being regulated to maintain a predeter- 
mined temperature differential between the 
gas outlet section and the catalyst contact- 

40 ing section of the regeneration zone to 
minimize excess oxygen in the regenera- 
tion zone and to preclude afterburning in 
the upper portion of the regenerating zone. 



2. Process according to Claim 1, 
characterized by the method of operation 45 
which comprises preheating the fresh feed 
stream and varying the catalyst circulation 
rate to effect the desired coke deposition 
level on the catalyst particles. 

3. Process according to Claim 1 or 2, 50 
characterized by the method of operation 
which comprises, varying the combined 
reed ratio of fresh oil feed to recycle oil 

to adjust the heavy oil content thereof and 
sunuitaneously adjusting reaction zone 55 
temperature to effect a coke deposition 
level on the catalyst particles. 

4. Process accordmg to one of the 
Clauns 1 to 3, characterized in that the 
temperature and time of contact of the 60 
hydrocarbon stream with the fluidized 
catalyst in the reaction zone are adjusted 

so that the oxidizing of the resultant coke 
deposition on the catalyst particles in the 
regeneration zone effects a temperature be- 65 
tween 620° and 677** C. in the contacting 
section of said regeneration zone, and the 
temperature differential between the gas 
outlet section and the contacting section 
of said regeneration zone is maintained at 70 
maximally 14** C. 

5. Process according to Qaim 4, 
characterized in that the temperature dif- 
ferential between the gas outlet section and 
the contacting section of the regeneration 75 
zone is maintained at a level which corre- 
sponds to a free oxygen concentration be- 
low 0.2% in the flue gas issuing from said 
outlet section. 

I. Y, & G. W. lOHNSON, 

Fumival House, 
14—18 High Holbom, 

London, W.C.1, 
Chartered Patent Agents, 
Agents for the Applicants. 
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